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To examine digestibility of cooked rice, in vitro artificial digestion technique 
was applied to cooked rice slurry and grain samples with various gelatinization 
degree. The histological and constituent changes in the cooked rice samples during 
cooking and digestion process were also investigated. 
A coated layer at the surface of cooked rice grain was visualized using a simple 
sectioning method, fluorescence microscopy, and digital image processing. 
Polished rice grain (150 g) was added to 150, 225, or 300 ml of water, which was 
1.0, 1.5, or 2.0 (w/w) the weight of the grain, respectively. The rice was cooked 
and then examined. The sections of whole size grain obtained by the simple 
sectioning method were captured using a stereomicroscopy with transmission and 
fluorescent modes. The actual grain section including the coated layer was 
observed in the transmission image. In contrast, the cell morphology in the grain, 
which showed the exact size of the sectioned grain, was visualized in the 
fluorescence image. The composite image of both the fluorescent and transmission 
images captured at the same position can show extra portions of the actual section, 
which can be distinguished from the morphological tissue area and regarded as the 
coated layer. The specific layer thicknesses estimated from the composite images 
shown in this report were approximately 1–7 μm, which increased with increasing 
amount of cooking water. Differences in the layer thickness at the dorsal and 
ventral sides were also observed. 
Textural-related property including histological tissue structure changes of rice 
grain (Oryza sativa L.) during cooking process was investigated in this study. 
Forty grams of polished grain were added to 60 ml of water, and cooked using the 
Japanese style cooking method. Rice grains were removed at 30, 50, 70, 85, and 
100 °C during cooking, and moisture content, overall firmness, surface firmness, 
and histological tissue structures were examined. The amount of leached material 
in cooking water at each temperature was also measured. Results showed moisture 
content in rice grains linearly increased from 70 °C to 100 °C, while moisture 
remained almost constant at from 30 °C to 50 °C. The overall firmness almost 
linearly decreased from 30 °C to 85 °C and decreased from 85 °C to 100 °C 
significantly, though no significant difference in surface firmness change between 
70 °C and 85 °C was found. The amount of leached material increased 
approximately 1.5 times between 50 °C and 70 °C. Voids in the cooked grains 
were generated between 85 °C and 100 °C, where gelatinization and morphological 
changes in grain shape, with histological cell wall disruptions occurred. The results 
of this study indicate that structural tissue properties, i.e. cell wall properties, are 
one of the important factors responsible for the textural-related properties of 
cooked rice grains. 
Changes in physicochemical rice grain properties during cooking were examined 
using five non-waxy, Japonica cultivars. The moisture of grain increased as 
temperature increased during heating, although there were slight differences 
among some cultivars from 30 °C to 70 °C. A marked decrease in overall firmness 
was found between 85 °C and cooked rice. Awayukikomachi, low-amylose content 
rice, showed lower firmness than the other cultivars during cooking. The leached 
materials of rice cooker method in grain–water mixture increased between 50 °C 
and 70 °C. These results indicated that rice grain attributes affected not only 
cooked grain quality, but also changes in textural-related grain properties during 
cooking. Pearson’s product-moment correlation coefficients between grain 
moisture at 50 °C versus overall firmness and surface firmness during cooking 
showed high, negative correlations (r = -0.88 and r = -0.71) with significant 
differences. This result indicated that moisture of grain at 50 °C played a role in 
the textural property of cooked rice grains. 
To examine the impact of histological, degree of gelatinization and/or structural 
characteristics of starchy food grain on the digestibility as a foodstuff, simulated 
gastro-intestinal in vitro digestion technique with kinetic and microscopy 
approaches was applied to measure a rice grain digestibility. Polished rice was 
cooked by Japanese style cooking method using rice cooker. Completely 
gelatinized rice and partially gelatinized rice were also cooked by boiling water for 
20 min and 10 min respectively. The grain of cooked rice was used as a sample 
material for evaluation of in vitro digestibility using starch hydrolysis percentage 
and histological tissue structure changes during simulated digestion. The 
digestibility of cooked rice slurry, which was produce to homogenize cooked rice 
grain, was also examined. The hydrolysis percentage increased during simulated 
small intestinal digestion process at 5 min digestion found approximately 65 % for 
slurry and 24 % for grain. The kinetic constant of cooked rice slurry, which 
indicated digestive rate, was almost 8 times than the grain. However, the 
equilibrium starch hydrolysis percentage of both slurry and grain, which concerned 
total calories consumed, were almost same. On the other hand, the hydrolysis 
percentage increased with increasing of degree of gelatinization. The estimated 
glycemic index changed from 45 to 89 by degree of gelatinization. By observation 
of microstructural changes during in vitro digestion, grain structures, e.g. aleurone 
layers, would relate to inhibit penetration of digestive fluid into grain inside and 
concern the starch hydrolysis rate during digestion. 
To investigate digestibility of cooked brown rice grain, changes in tissue 
structure of the grain with various milling degrees and starch hydrolysis during in 
vitro digestion were examined. The cooked grains treated with simulated saliva 
and gastric juice showed 6–15 % starch hydrolysis, although structural changes of 
cellular tissue distribution at the surface of exposed endosperm were observed. The 
starch hydrolysis percentage increased after treated with simulated pancreatic 
juice. The percentage for cooked brown grain was approximately 35 %, which was 
less than the cooked milled grain, which showed 65 % starch hydrolysis. Due to 
the microscopic observation for grain tissue structure during in vitro digestion, it 
was shown that the pericarp on the grain surface influences the starch hydrolysis of 
cooked grain. 
